I
magine that you're working in your office and you hear two voices outside in the hallway. Both are familiar. You immediately picture the individuals involved. You walk out to join them and there they are, looking exactly as you'd imagined. Effortlessly and unconsciously you have just performed two actions of great interest to cognitive scientists: cross-modal perception (in this case, by using auditory information to create a visual image) and individual recognition (the identification of a specific person according to a rich, multimodal, and individually distinct set of cues, and the placement of that individual in a society of many others). An article in this issue of PNAS by Proops, McComb, and Reby (1) shows that horses do it, too, and just as routinely, without any special training. The result, although not surprising, is nonetheless the first clear demonstration that a nonhuman animal recognizes members of its own species across sensory modalities. It raises intriguing questions about the origins of conceptual knowledge and the extent to which brain mechanisms in many species-birds, mammals, as well as humans-are essentially multisensory.
Individual Recognition
Individual recognition, based on auditory, visual, or olfactory cues, is widespread in animals (2) . Its adaptive value is clear. Recognizing others as distinct individuals allows an animal to identify and remember those with whom it may have subtly different competitive or cooperative relations, and to place them in the appropriate social context. Experiments on monkeys, for example, suggest that listeners recognize others individually by voice (3) and make use of this information when responding to calls according to an individual's current mating status (4), unique dominance rank (5), membership in a particular kin group (6), or rank and kinship combined (7) . When a female baboon is separated from her offspring and hears the offspring's call, she looks toward the sound of the vocalization (8); when female baboons and vervet monkeys hear unrelated juveniles call, they look toward the juvenile's mother (6, 9) .
Individual recognition is most often documented in the auditory mode, through playback experiments. In the studies cited above, however (and many others like them), it is difficult to escape the impression that animals are engaged in cross-modal or even multimodal processing. A baboon who looks toward the source of the sound when she hears her offspring's call acts as if the sound has created an expectation of what she will see if she looks in that direction. Humans, of course, do this routinely, integrating information about faces and voices to form the rich, multimodal percept of a person (10) .
The first evidence that animals might integrate multiple cues to form a representation of an individual came from work by Johnston and colleagues on hamsters (11) . Golden hamsters have at least five different odors that are individually distinctive. In a typical experiment, a male familiar with females A and B was exposed (and became habituated to) the vaginal secretions of female A. He was then tested with either A's or B's flank secretions. Males tested with A's flank secretions showed little response (across-odor habituation); however, males tested with B's flank secretions responded strongly. The authors concluded that ''when a male was habituated to one odor he was also becoming habituated to the integrated representation of that individual'' and was therefore not surprised to encounter a different odor from the same animal. Hamsters, they suggest, have an integrated, multiodor memory of other individuals. Recent experiments indicate that direct physical contact with an individual-not just exposure to its odors-is necessary for such memories to develop (12) .
But what about the representation of individuals across sensory modalities? Laboratory studies have shown that dogs (13) and squirrel monkeys (14) associate the faces and voices of their caretakers, but until now there has, somewhat surprisingly, been no test for cross-modal recognition of conspecifics. In the current study, Proops et al. (1) began by observing horses in two captive herds of Ϸ30 individuals. After recording six whinnies from four different individuals, they used a violation-of-expectation paradigm to test for crossmodal individual recognition. Each subject (n ϭ 24) saw one of two herd companions walk past him and disappear behind a barrier. After a delay, the subject heard from behind the barrier a whinny from either the same or a different individual. The investigators predicted that, if subjects were capable of forming cross-modal or multimodal representations of specific individuals, then the sight of individual X disappearing behind a barrier followed by the sound of X's whinny would entail no surprise, whereas the sight of X disappearing followed by Y's whinny would violate their expectations. And this is what they found: subjects responded more quickly (by looking toward the speaker), looked longer, and looked more often in the incongruent than the congruent condition.
Underlying Mechanisms
As the first study to demonstrate crossmodal integration of information about identity in animals, the experiment by Proops and colleagues (1) is likely to stimulate similar tests on many other species. Indeed, ethologists have some way to go before they catch up to neurophysiologists, who have been actively investigating sensory integration in the brain in the past few years. For example, both Poremba (15) and Gil da Costa et al. (16) found that, when rhesus macaques hear one of their own species vocalizations, they exhibit neural activity not only in areas associated with auditory processing, but also in higher-order visual areas, including the superior temporal sulcus (STS), an area that is known to be involved in recognizing talker identity in both humans (17) and monkeys (18) . Auditory and visual areas also have extensive anatomical connections (19) . Ghazanfar et al. (20) studied cross-modal integration by using the coos and grunts of rhesus macaques. They found clear evidence that cells in certain areas of the auditory cortex were more responsive to bimodal (visual and COMMENTARY auditory) than to unimodal presentation of calls. Although significant integration of visual and auditory information occurred in trials with both vocalizations, the effect of cross-modal presentation was greater with grunts than with coos. The authors speculate that this may have occurred because, under natural conditions, grunts are usually directed toward a specific individual in dyadic interactions, whereas coos tend to broadcast generally to the group at large. The greater cross-modal integration in the processing of grunts may therefore have arisen because, in contrast to listeners who hear a coo, listeners who hear a grunt must immediately determine whether or not the call is directed at them-and this, in turn, may depend crucially on memories of whom the listener has interacted with in the immediate past. Field experiments suggest that the memory of recent interactions with particular individuals determines whether baboons judge a vocalization to be directed at them or at someone else (21) . What neural mechanisms underlie cross-modal integration? According to a traditional view, multisensory integration takes place only after extensive unisensory processing has occurred (22) .
Multimodal (or amodal) integration is a higher-order process that occurs in different areas from unimodal sensory processing, and different species may or may not be capable of multisensory integration. Perhaps as a result, different species may or may not form what in humans constitutes an integrated, multimodal (or amodal) conceptual system.
An alternative view argues that, although different sensory systems can operate on their own, sensory integration is rapid, pervasive, and widely distributed across species. The result is a distributed circuit of modality-specific subsystems, linked together to form a multimodal percept. Or, as Barsalou (23) describes the processing of calls by monkeys, ''the auditory system processes the call, the visual system processes the faces and bodies of conspecifics, along with their expressions and actions, and the affective system processes emotional responses. Association areas capture these activations … storing them for later representational use. When subsequent calls are encoded, they reactivate the auditory component … which in turn activates the remaining components in other modalities. Thus the distributed property circuit that processed the original situation later represents it conceptually.'' A third view argues that many neurons are multisensory, able to respond to stimuli in either the visual or the auditory domain (for example), and capable of integrating sensory information at the level of a single neuron as long as the two sorts of information are congruent. As a result, ''much, if not all, of neocortex is multisensory'' (24) . By this account, perceptual development does not occur in one sensory modality at a time but is integrated from the start (25) .
Whatever the underlying mechanism, it is now clear that individual recognition is pervasive throughout the animal kingdom. The experiment by Proops et al. (1) further suggests that cross-modal processing of individual identity is equally widespread and that a rich, multimodal or amodal representation underlies animals' recognition of others. These results suggest that the ability to form an integrated, multisensory representation of specific individuals (a kind of concept) has a long evolutionary history. Perhaps the earliest conceptwhenever it appeared-was a social one: what in our species we call the concept of a person.
